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This invention relates to electrical signalling systems, 15 
and more particularly to apparatus for identifying the 
location of a first object with respect to one or more of 
a plurality of second objects. The invention may be 
utilized for a variety of different purposes, a number of 
which will be mentioned below. 20 

In the transportation and materials handling fields 
in general, and particularly in the efficient operation of 
a railroad, it often becomes desirable to know informa- 
tion such as where each train is at any time, or with what 
velocity the train is moving, or where individual rail- 25 
road cars are located. Sometimes it is of great advantage 
to determine the location of goods or materials carried 
on railroad vehicles, trucks or conveyers. 

A considerable saving may often be effected if a central 
agency is apprised, at all times, of selected portions of 30 
the above information, since the railroad and trucking 
businesses 'involve long distances covering a large terri- 
tory, usually without communication equipment readily 
available. For example, scheduling of trains may be con- 
siderably simplified by remotely observing Uie density of 35 
traffic at crowded switching points. Information regaid- 
iitg. the location and identity of available railroad ve- 
hicles stored on sidings is immensely useful in determin- 
ing the type and amount of freight space available at any 
of the loading centers. Information on the instantaneous 40 
location of particular goods, such as raw materials or 
cattle shipped across country on separate trains or trucks 
may help the recipient to make necessary arrangements 
for unloading, storing or fhe like. 

yicferring now' more specifically to the railroad busi- 45 
ness, it has heretofore been suggested that radio links 
be established between each engine or each train and a 
central agency in order that the operators be able to 
inform the central agency of their location. While such 
systems have been quite useful, their effectiveness has 50 
been limited by the fact that each train operator must be 
relied upon always to furnish accurate information with 
regard to the location ot his train. Additionally, the 
location of selected special purpC'se equipment, such as 
refrigerator cars or heavy-duty freight cars, may require 55 
further radio links situated proximate to such loading 
or storage centers and be operated by railroad yard per- 
sonnel, since the train operator usually does not have 
the means or responsibility to ascertain or keep track of 
the identity of the individual cars on his train. 60 

^The Dc?jd for an automatic signalling system for fur- 
nishing accurate information with regard to train or truck 
location or goods identification to a central agency has. 
long been recognized, and various systems have been pro- 
pi^sed. As far as is known, none have been very sue- 65 
cessful, except the system disclosed in application Serial 
Number 715,S99 filed February 18, 1958, by Clarence 
S. Jones for “Signalling System,” which application was 
assigned to the same assignee as the present invention. 

The specific system disclosed in detail in ilie Jones TQ 
application may be said to comprise an interrogator- 
gcspondiiT system, utilizing an interroptor apparaiu5 to 
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apply radio frequency energy to a transmit coil carried 
on a movable device, such as a railroad vehicle. In the 
Jones application, successive bursts of radio frequency 
energy are transmitted on different frequencies, whicb are 
cyclically repeated. As the vehicle carrying the transmit 
coil moves sufficiently dose to any one of a plurality 
of passive- response blocks distributed along the right-of- 
way. certain of the radio' frequency bursts operate reson- 
ant circuits wittiin the response block to furnish power to 
operate a small responder oscillator, which transmits ft 
return signal on a further radio frequency. By selective 
use of different tuned circuits in different response blocks 
the responder oscillator w^ill provide a series pulse code 
signal for reception by a receiver associated with the in- 
terrogator a ad used to identify each response blocL As 
well as using the interrogator on a vehicle to determine 
vehicle position with respect to a plurality of fixed loca- 
tions, the Jones system contemplates locating the inter- 
rogator at a fixed location to identify objects passing by 
which are provided with suitable passive response hlocli 
and which pass within the signal field of the interrogator. 

The basic system disclosed in the Jones application 
offers an extreme advantage over prior systems in that 
it uses purely passive automatic response block units with- 
out being inaccurate or unreliable, so that numerous re- 
mote stations or locations may be provided with re- 
sponse means without attendant provision of electric bat- 
teries or wired power sources. While passive response 
units have heretofore been provided elsewhere, all of 
these, of which wc are aware, required precise physical 
alignment and were adversely affected by varipu.s environ- 
mental factors. 

While the invention of application Serial Number 
715,899 admirably ‘accomplishes its purposes, and while 
it is ideally suited for a wide variety of applications, cer- 
tain applications benefit from modification of the Jones 
system. For example, the specific interrogator disclosed 
in detail in the Jones system transmits a series of radio 
frequency signal bursts, each of a different frequency, 
with a burst of radio frequency energy of a further fre- 
quency inteiposed between each code signal for auto- 
rr.ctic gain control purposes. If a large number <^f differ- 
ently coded response blocks arc to be used, so that the 
system may employ a reladvcly large number of bimiry 
digits, a large number of different interrogator frequen- 
cies mu.'t be transmined. This requirement may be trou- 
blesome when the s}»stcm is applied to the identification of 
very rapidly moving objects or to the identification of the 
location of an object which moves rapidly wlih respect 
to a plurality of fixed locations. 

In order to allow the use of economical circuitry and 
still preserve system reliability, the time length of each 
radio frequency signal burst must be maintained at or 
above a minimum value. In the case of rapidly moving 
bodies, the interrogaior transmit coil and response pick- 
up coil may remain sufficiently close to a response block 
to interrogate the blcck only during a short period of 
time, so that an insufficient number of interrogator fre- 
quencies can be transmitted if each frequency is alloted 
ilsjicqulred duratioo. The present invention is in s^omc 
respects an improvemeat over the Jones invcniion in that 
it overcomes the described limitation by inierrogaiing a 
plurality of digits simultaneously. 

In certain other applications sij^jahing systems of this 
nature may be used to transmit data relating Vo the posi- 
tion of a movable object with respect to succesrive fixed 
locations. Stmctinies it is desirable to be able to de- 
termine the rate at which aa object is moving by noting 
the rate at which it passes by a number of fixed stations. 
If a precise vek>city determination is to be made at a 
given instait, rather then a mere average velocity determi- 
nation, it may be understood that’ vehicle location must 
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be &t diffemit locations wbich are very dose to 

each other, U responders are located very close to each 
Other,, and if vehicle speeds become great enough, it is 
lomctimes absolutely necessary that all identification or 
code digits be determined simultaneously. 

It is therefore one object of my invention to provide 
an improved signalling system for automatically identi- 
fying, locating or numbering a plurality of objects, 

.It is another object of my invention to provide an 
improved signalling system of the type in which a plural- 
ity of digits are interrogated simultaneously. 

It is still another object of my invention to provide 
an improved signalling system for interrogaUng a plural- 
ity of digits simultaneously utilizing a simplified 
interrogator. 

It is a further object of my invention to provide an 
hnproved signalling system wherein a simplified interro- 
gator unit interrogates a response block with a burst of 
electromagnetic energy of a single frequency and wherein 
^e response block responds thereto with bursts of electro- 
magii^ttc energy of a selected plurality of different fre- 
quencies corresponding to identification digits in which 
tie signal provided by the response block is capable of 
uniquely identifying one of a large number of response 
blocks. 

It iS: a further objeci; of this invention to provide an 
improved signalling system wherein the high power inter- 
rogator signal is of a single frequency and the low power 
^sponder signals comp a plurality of different fre- 
qaenqies to minimize inteiferencc effects. 

. It. is a further object of my invention to provide an 
improved signalling system for interrogating a plurality 
of digits simultaneously wherein the interrogator trans- 
mit coils and the responder pick-up coils may be sharply 
tuned so as to allow greater sensitivity and accuracy. 

ft k % still funher object of my invention to provide 
ftn unproved signalling system which is reliable in oper- 
ation, simple in design and economical in construction. 

Other objecLs of the invention will in part be obvious 
and win in part appear hereinafter. 

In accordance with one embodiment of the invention, 
Qn interrogator unit, also called the interrogator, is 
mounted upon a moving vehicle whose location is to be 
deterinined at fixed intervals. The interrogator has a 
feansmittcr channel which originates and radiates a radio 
frequency interrogator signal of a single frequency. A 
number of response blocks, also referred to as responders, 
may be located at various intervals along a railroad track 
or roadbed over which the vehicle passes. In case of 
railroad tracks, the preferred position of each responder 
is the lop or inside of a selected track tie. 

Xho location of and the distance between individual 
re.sponse blocks is largely a matter of choice and depends 
where and how often the location of the vehicle is 
desired. As will be e;cp!ained below, the number of re- 
sponse blocks which may be utilized throughout a whole 
railroad network are limited, at least to some extent, by 
the number of digj.ts with Vi^hich the signalling system is 
provided. 

As. stated above, th^ resijective position of the inter- 
rogator and respondei-s may be exchanged so that the in- 
terrogator unit is fixed and each of the moving vehicles 
carries a response block. Such an arrangement is pre- 
ferred when goods are moved^by conveyer or the like 
over or past the. interrogator, or when freight cars are 
tQ: bc: ejassined upon entering or leaving a switchyard. 

When the interrogator is located near or directly above 
a re^OQse block, the pick-up coil of the responder reccivcv- 
the inlerrcgifor signal and rectifies the same to provide 
a response-actiiat'ng signal therefrom. ^Tbc response- 
aciualing signal is utilized to power a selected plurality of 
responder oscillators which simultaneously provide a plu- 
rality of selected radio frcqueucy responder signals of 
different frequencies which idenlifj' a particularrespoudcr. 

'^hc presence or-abseree r.f » nartirrdar n^snoiider siirnal 


provides a convenient binarj’ code for identivying 
sponders uniquely. Each oscillator corresponds to a digit 
and since a particuiai respondr-r is provided with a se- 
lected number of oscillators of predetermined frequencies, 

5 the interrogator signal after rectification, interrogates all 
the digits simultaneously- The respouse-actualing signal 
is the sole power required to operate the response oscil- 
lator, so that DO batteries or wired power sources are 
necessary. 

10 The selected plurality of responder signals radiated by 
the respmse csclUators are coupled electromagnetically 
to and are amplified by an interrogator receiver channel, 
which may be physically located with tlie interrogator 
transmitter channel. In some applications, it may be con- 
15 sidered advantageous to utilize a particular responder sig- 
nal to provide a control voltage for automatic gain control 
of the transmitter channel. The signal received and 
amplified by the receive channel is actually a composite 
response signal and may be applied to a radio frequency- 
20 discriminator device w^hich has a separate output channel 
for each frequency included in the selected plurality of 
responder signals comprising the composite response sig- 
nal. Each discriminator output channel is selectively re- 
sponsive to a predetennined one of the different responder 
25 signals. The composlle responder signal, being a mixture ■ 
of selected responder signals, is thereby unscrambled or 
separated iijto individaa] responder signals to provide a 
signal indicative of the presence or absence of a responder 
signal. This signal may be suitably rectified to provide 
30 an output voltage on each channel associated with a se- ^ 
lected responder signal. The presence or absence of an 
output voltage on a channel may be utilized to set the 
stages of a code register as cither a “one” or a “zero” for 
providing a binary number which determines uniquely the 
,35 particular response block being interrogated. 

The digital code set into the code register may be trans- 
mitted to a central agency by any of the many well knov,Ti 
data link systems. Since the central agency in a railroad 
signalling system of the kind here described usually de- 
40 sires information from a large number of rail read trains, . 
and since it might be uneconomical to provide separate • 
data link r* ceivers for each inleriogalor, it often will be . 
convenient to add an identification register to the code reg- ^ 
ister. An identification register may be ’provided with each 
45 interrogator, so that signals which identuy the interrogator 
are sent to the central agency to specify which interrogator 
is “reporting” to the f;c'ntral agency. The addition of such 
an identification re^^ter increases the number of bits 
which must be transmitted by tne data link system by the 
60 number of bits necessary to identify a particular inter- 
rogator unit. The additional register, however, does not , 
complicate the interrogator itself since it is not a part of 
the interrogator and only comes into operation in connec- 
tion with a data link system. 

55 No electromagnetic interference problem is encoun- 
tered in the transmisfion of high power electromagnetic 
radiation from the interrogator to the responder since 
the interrogator signal is of a single frequency. From 
this point of view, tht present invention presents ?.n addi- 
60 tional improvement over the Jones system in that all 
interference problems are transferred from the high . 
power level of interrogation to the lov/ power level of re- 
sponding. ^ 

For a fuller undcistanding of the nature and objects 
65 of the invention refeitncc should be had to the following 
detailed description Jstken in connection with the accom- 
panying drawings, in which: 

Fig. 1 is a sch€:-i.itic electrical block diagram illus- 
trating one crabodin::ini of the signalling system of this 
70 invention as it might be used in connection with a 
railroad data transmission system; 

Fig. 2^ is an electrical schematic diagram of an em- 
bodiment of a ODded passive responder which may be 
utilized with the signalling system of this irrvention; 

Fic. 25 is a bmar? code diaai am of the re5i>Qndcr cm- 
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bodinacQts of Fig. 2a and is included to aid in the cx* 
planation of the coding technique utilized in the respond- 
ers: and 

Fig. 3 is a graphical illustralon useful in understand- 
ing the Oi>cration of the automatic gain control feature 
of this invention. 

The novel features which are believed to be character- 
isO'c of the invention, both as to its organization and 
method of operation, together with further rbjects and 
advantages thereof, will be better understoed from the 
following description considered in connection with the 
accompanying drawings in v/hich a preferred embodiment 
of the invention is illustrated by way of example. It is 
to be expressly understood, however, that the drawings 
arc for the purpose of illustration and description only 
and are not intended as a definition of the limits of my 
invention. 

Refeixiag now to the drawings, rnd p^articularly to 
Fig. 1 thereof, there is shown an embodiment of a sig- 
nalling system in accordance with this invention. The 
signalling system essentially comprises an interrogator, 
100 for providing and radiating an interrogator signal 
in the form of an electromagnetic wave of a single fre- 
quency and for receiving and decoding an electromag- 
neuc wave in the form of a selected plurality of re- 
sponder signals, and a responder 102 for developing and 
radiating the selected plurality of responder signals upon 
xectipt of the inteiTOgalor signal. As will be described 
hereinafter in more detail, interrogator 100 is capable 
of relative motion with respect to responder 102 and 
unless within a selected minimum distance therefrom, 
xaay not electromagnetically couple sufficiently closely 
with responder 102 to actuate or to receive the selected 
plurality of responder signals. 

The portion of interrogator 100 which provides and 
radiates the interrogator signal is also referred to as the 
interrogator transmitter means, and may include a con- 
ventional radio frequency oscillator means such as; 
signal source 104 having a sinusoidal output voltage of 
a predetermined amplitude and frequency. The output 
of signal source 104 is referred to as the interrogator 
signal and is of a single frequency. The interrogator 
signal may be applied to a variable gain device 306 
which may include automatic gain control means respon- 
sive to an automatic gain conuol difference voltage ap- 
pearing on the conductor 108. Device 106 may be uti- 
lized to control the amplitude of the interrogator signal 
in accordance with the automatic gain control difference 
voltage. The purpose of providing automatic gain con- 
trol for the signalling system and the method of develop- 
ing the automatic gain control difference voltage will be 
explained below in connection with Fig. 3. Variable 
gain device 106 may taJee any of many forms well-known 
to those skilled in the art, and which are sometimes 
referred to as variable gain attenuators or variable gam 
amplifiers. 

The output signal of variable gain device 106, desig- 
nated as the amplitude controlled interrogator signal, 
may be suitably amplified, if desired, by an’ amplifying 
means vjch as a conventional power amplifier 110 to 
increase the power level of the interrogator signal suffi- 
ciently to cause a ladiator such as ircnsmit coil 112 to 
radiate the interrogator signal as an electromagnetic wave 
of desired strength. Transmit coil 112 is excited by the 
interrogator signal and may comprise, for example, a 
parallel tuned induclanec-capacitance netv/ork resonant 
at the interrogator signal frequency. Since transmit coil 
112 radiates but a single frequency, it is advantageous, 
from a power transfer point of view, to utilize a suarpiy 
tuned coil. It is of course clear to those skilled in the 
art ibai^ the position of variable gain device 106 need 
not hi intermediate between signal source 104 and am- 
pdficr 110 . but may be inserted instead between amplifier 
ilO and coil 112. The advantage of the relative position 


6 

of device 106 as shown in Fig. 1 is that control of Idw 
power signals may be more convenient. 

The combination of signal source 104, variable gain 
device 106 which is contiolied by the voltage appearing 
C on lead 108, amplifying means 110, and transmit coil 
112 provides an interrogator transmitter means including 
automatic gain control means responsive to an automatic 
gain control dmeFeuce voltage for generating and trans- 
mitting an amplitude conlrollcu electromagnetic inter- 
10 rogator signal of a single frequency. 

A responder pick-up means such as pick-up coil 120 
may provide the receiver element of responder 102 for 
receiving the electromagnetic interrogator signal when 
electromagneticaUy coupled to transmit coil 112. Pick- 
15 up coil 120 may comprise a tuned circuit resonant at the 
interrogator .signal frequency radiated by transniit coil 
112 and may be sharply tuned to effect an efficient trans- 
fer of power. As is well known to those skilled in the 
art, a tuned circuit such as pick-up coil 120 behaves like 
20 a receiving antenna and may provide a pick-up means for 
receiving the electromagnetic interrogator signal. 

The signal induced into pick-up coil 120 may be im- 
pressed on a rectifi'ing means such as conventional recti- 
fier 122 which includes a filter to convert th^ induced 
25 alternating current iniciTogator signal to a direct current 
voltage to be referred to as the response-actuating volt- 
age. As will become clearer hereinafter, the r wponse- 
actuating voltage is the sole power furnished to the 
response-actuating portion of the responder 102. 
ao The response-actuatmg voltage is utilized to power an 
oscillator means which may include a plurtlity of re- 
sponder signal oscillaxors, only four of which a-i'e shown 
and respectively designated by reference character 124, 
126, 128 and 130. Each responder signal oscillator de- 
36 velops simultaneously a responder signal of a different 
frequency in response to the response-actuvting voltage 
respectively designated fu and /s- As will be- 
come more evident from the description below, the actual 
number of responder signal oscillators required for a 
40 signalling system depends on the desired number of dif- 
ferent responders to be interrogated. As will be de- 
scribed in detail in connection with Fig. 7ja, responder 
oscillators 126, 128 and 130 are digit or cooe oscillators 
and provide a selected plurality of code responder signals 
45 which identify a partieular responder uniquely. If the 
maximum jiumber of different code oscillators utilized by 
a signalling system is designated by the letter p, a differ- 
ent selected plurality varying m number from 1 to p 
of these code oscillators are included in each responder. 
60 Responder si^al oscillator 124, also referred to as the 
automatic gain control oscillator, does not ordinarily 
participate in the identification pre^ess but rather pro- 
vides a responder signal utilized for automatic gain con- 
trol purposes. 

65 Each- responder signal may be impressed upon an as- 
sociated responder transmit meani such as transinh coils 
respectively designated by the reference characte^^ 132, 
134, 136 and 138. Transmit coils 132, 134, 136 and 
138 each comprise a suitable radiation element for radiat- 
60 ing one of the responder signals as electromagnetic radia- 
tion towards the receiver ctianoel of interrogator 100. A 
more detailed description of responder 102 is offered 
in connection w ith Fig. 2, wherein the responder transmit 
coils comprise respectively the tank circuits of the as- 
65 sociated responder signal oscillators. 

In this manner, re5>>cnder signal oscillators 124, 126, 
128 and HO with their respective associUed transmit 
coils provide an oscillator means r^sponerve to the re- 
sponse-actuating voltage, and operate to develop aud 
VO radiate^ a selected plurality of responJer signals of dif- 
ferent Crrquencies simiiUaneously. 

The pouion of inknogator ICO which receives and 
decedea the r^i'onder signals may be P.nined the inier- 
rogaior r&ceiver miaar and includes a pick-up means 
75 such as pick-up cod 15®. Pick-up cod 150 presides the 


Approved For Release 2009/04/10 : CIA-RDP81 -001 20R0001 0001 0006-0 


Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010006-0 

2,610,679 

7 8 


receiver element for receiving the electromagnetic signal 
from r«-5poTider 102. when elcclromagnetically coupled 
to transmit coils 132, 134, 136 and 138 and may com- 
prise a lur.cd circuit relatively broadly tuned to receive 
any and all of the responder sirnals. The term pick-up 
means is intended to include one or more tuned circuits. 
The signal developed by coil 150 Ts really a combina- 
tion of all the responder signals and is tnerefore termed 
the composite responder signal. The composite respond- 
er signal may be applied to an amplifying means such 
as a , conventional receiver 152 so that the com- 
posite responder signal wdll be amplified to a desired 
power level. In some systems of the type here de- 
scribed, it may be desirable to lower the frequency cl 
• the received composite responder signal. This may be 

accomplished by utilizing a conventional beat frequency 
i oscillator as part of or in conjunction with receiver 152 

; as is w^ell known to those skilled in the art The output 

‘ from the beat frequency receiver would be a reduced 

frequency composite responder signal. The main advan- 
tage of a lov.^ frequency is that audio instead of radio 
frequency filters may be utilized to separate the re- 
j duced frequency composite, responder signal. It can 

j be seen, therefore, that the combination of pick-up coil 

! 150 and receiver 152 provide an interrogator receiver 

r means wdiich is associated with the inte-rrogator trans- 

i mitter means and which is rejponsiye to the selected 

j plurality of responder signals and operative to develop 

I a composite responder signal. 

I The receh'ed composite responder signal may then be 

’ separated or unscrambled or decoded into individual re- 

I sponder signals by a plurality of narrow band-pass fre- 

I quency filters of which three are shown and designated 

•j respectively by reference characters 154, 156 and 158. It. 

is, of course, evident that for each responder signal 
which the svstem mav utilize there must be an associated 
band-pass filter so that a total of p filters are reouired. 
The designation shov,Ti in'.ide the rectandes desiematin.s 
the filters in Fip. 1 indicates the center frequency of 
its pass band. Tlie plural'ty of (liters as such may be 
referred to as a responder svgnal filter means since it sup- 
presses from any one filter out nut all responder signals 
except a selected one which it passes. 

Each filler such as 154 may be of conventional design 
and may comprise either a parallel-tuned or series-tuned 
inductance-capacitance nassive network, or in certain in- 
stances it may be desirable to utilize an active filter of the 
well-known type comprised of a feedback amplifier con- 
taining a twin-T RC network in its feedback path. Each 
j of the tuned circuits is resonant at a different one of the 

responder signals, and operati\'e to pass only the re- 
sponder signal at the resonant frequency of the tuned 
circuit The plurality of filters thErefore may be seen to 
comprise a responder signal filter means responsive to the 
composite responder signal and operative to derive a 
separate co^Jing signal for each one of the selected plu- 
• raiity of re'iponder signals. Of cou::^, if a beat frequency 

receiver is used, then the filler m^ns would comprise 
; audia filters. 

The outpiit from each of the fi.'ters is, of course, an 
■ alternating current signal (coding sitmal) of the frequency 

of the particular responder signal. It is someames de- 
sirable to rectify each of these alternating current volt- 
ages to derive therefrom direct carrent voltages refnred 
to as coding voltages. For this purpose, a rectifying 
means such as the plurality of associated rectifiers desig- 
nated respectively by the reference characters 160, 162 
and 164 may be utilized. In this manner the individual 
associated rectifiers provide a detector means responsive 
to each of said coding signals and operative to develop 
coding voltages, 

Tiie co<ling voltages may be utilized in a variety of 
ways and represent, as the name suggests, a binary code 
• indicating which ones of the p dilTerent responder oscil- 
LatOrS arc ^ T\!»rtifntar rt'Arvonse block. It 
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should now be obvious to those skilled in tlic art that the 
number of responder signal oscillators, such as the one 
designated by reference character 134, determines how 
many di flercnt response blocks or resx>onders may be 
5 uniquely identified. For example, if a particular inter- 
rogator receiver means is equipped to uncode or sepa- 
rate three code responder signals from the composite re- 
sponder signal, a maximum of three, responder signal 
code oscillator may be utilized and only eight different 
10 combination.s of coding voltages can be developed. Con-' 
sequcntly only eight different responders can be uniquely 
identified; ^ If an interrogator receiver means can separate 
or filter four difrerent code responder signals, then a 
maximum of four responder signal oscillators may be 
15 utdized and sixteen responders may be uniquely identified. 

As is well known, if the number of response blocks to be 
ideutified is X, the maximum number p of code responder 
signal oscillators necessary to provide unique identification 
is given by the expression X=2 p where p is, of course, i 

20 an integer. If 8,000 responders are to be uniquely identi- 
fied, a maximum of 13 different code responder signal 
oscillators are required and the receiver channel of inter- 
rogator 100 must be capable of being selectively respon- r 

sive to 13 code responder signals. This number of course, 

25 docs not include the automatic gain control responder 
signal which requires its own associated filter. 

The coding voltages from the rectifiers associated with 
the responder signal filler means, being a binary code, 
may be directly applied to the binary stages such as the 
30 ones designated by refeemee characters 166, 168, and 
170 of a code register 172. Obviously, the number of 
stages required for register 172 is the same as the num- 
ber of code responder signals which the interrogator re- 
ceiver means can decode, each stage being associated 
35 with a different one of the possible code responder sipal 
oscillator which may be utilized. Each stage of register 
172 may be set by either the occurrence or the absence 
of a coding voltage from an associated rectifier. 

It has been lound that the reliability of the signalling 
40 system of this invention may be improved by applying the 
coding or digital voltages from detectors such as 160, 162 
and 164 to the input circuits of a plurality of associated 
comparing means, such as the conventional differential 
amplifiers 174, 176 and 178, instead of directly to the 
45 respective stages of code register 172. In this manner, , 
the ceding or digital voltages may first be compared with 
a reference voltage of a selected amplitude from a source 
180 tc make certain that the coding voltages have orig- 
inated iiom code responder signals instead of merely 
50 being noise or stray pick-up. Unless the magnitude of a ^ 

coding voltage from a given detector is above a selected 
minimum level, indicating the presence of a respondel 
signal and a desired degree of electromagnetic coupling 
betw'cen interrogator 100 and responder 102, its associated 
55 differential amplifier will not pro\ide a coding voltage 
difference signal, and the stages of register 172 w'ill not be 
set erroneously by noise or stray pick up signals. Refer- 
ence voltage source ISO may, of course, include an adjust- 
ment means such as a potentiometer to provide an adjust- 
80 able refc 'crice voltage so that the level at which a code 
responder signal provides a coding voltage difference sig- 
nal may be ? Jjuited. The combination of the associated 
differential amplifiers 174, 176 and 178 and reference 
voltage source ISb tiierefore provides a comparing means 
C.) rerponsive to <ach of the coding voltages for comparing 
the magnitude of each of the coding voltages with a refer- 
ence voltage Bird is operative to derive coding voltage 
difference signals. 

Since interrogator 100 and responder 102 are capable 
70 of relative motion with respect to one another, the electro- 
magnetic coupling between interrogztor transmit coil 112 
and responder pick-up coil 120 may increase from a small 
value during the approach to a maximum value when the 
relative distance therebetw'cen is a mirimum, and thcre- 
7f£ after mav decrease again as ^hc two objects move apart in' ^ 
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dpiwfiite direction. The same is, of coitrsc, true cf the may be obtained by utilizifig an antomauc gain contrea 
dcclromagnetic coupling between responder transmit coils responder signal designated 'by the ticquency and 

^2, 134, 156 and 13S and interrogator pick-up coil 150. supplied by automatic gain control responder s/gnal oscil- 
It tke electromagnetic' radiaiion from transmit coil 112 lalor 124. Each responderis provided with a responder 
remains constant, the power level of the rcsponso-actual- 5 osciUntor 124 of frequency /agc» Vi/hich o^illato; does not 
ibg. Voltage developed by recuher 122 will change with participate in ihe coding and identification of the 

the electromagnetic coupling. Tiic power level of the in- responder. A filter 182, which is a band pass filter about 

dividual responder signals radiated by pick-up coils, such the center frequency similar in construction to 

a's 132,. 134, 136 and 13S, depends on the power level of the filters providing Oie responder signal filter means, is 
the response-actuating Voltage and consequently varies 10 coupled to receiver 152. Consequently, ^ter 182,. will 
^so with the degree of electromagnetic coupling between cause the scparal'on of the automatic gain conUoI to- 
trahshlil coil TlZ and pickmp coil 120. Additionally, the sponder signd from the composite responder signal. The 
iSawer level of the composite responder signal developed output signal from filter 182, namely the automatic gain 
By pick-up coil 150 will depend on the power level of the control responder signal, may be then applied, if desired, 
iifdividual responder signal and the electromagnetic cou- 15 to a rectifier 184 which rectifies the alternating current 
pling between transmit coils 132 134, 136 and 138 and signal to provide a rectified response voltage. The com- 
I^ck-up coil 150 which, as explained above, changes as tlie . bination of filter 1S2 rectifier 1£4 and receiver 152 thereby 

relative distance between interrogator ICO and responder provides a rectified response voltage corresponding to a 

cliahges. predetermined one of the selected plurality of responder 

fih therefore easily seen that during the time inter- 20 signals. 
iT>gai6r TOO and responder 102* are in close proximity to The output from rectifier 184„ the rectifi*^ resr>onse 

Otfe arfothcr, the power level of the composite responder voltage, may l>e impressed upon the input circint of a com-, 

signal developed by pick-up coil undergoes a substantial paring means such as conventional ditTerential amplifier, 
ciiange. This change of power level, unless corrected or J86 and compared with a reference voltage of selected 
oOmpensated'for, is directly reflected upon the magnitude 25 magnitude from an adjustable voltage source 188, -If 
Of'the coding voltages, and it is impossible to provide a the reference voltage exceeds the rectified response volt- 
reference voltage level for the comparing means, such as ap, no signal appears on lead 108, and variable gain de- 
diffcreutial ^plifier 174, to assure tli at a voltage from vice 106 inserL^ minimum attenuation between oscillator 
r^jctificr T60 i^due to a code responder signal. The power 104 and amplifier 110, W'lrcn the rectified response volt- 
IcveVoftlie individual code responder signal developed at 30 age exceeds the reference voltage, a control signd is 
the output of the responder signal filter means, such as obtained, referred to as the automatic gain control differ- 
fiIteFT54, is depicted by curve a, Fig. 3. Curve Fig. 3, cnce voltage, which increases the attenuation of variable 
is a plot oi the relative power level of a code responder gain device 110. Such atlenuation provides amplitude 
signal as passed by & filter of the responder signal filter control of the interrogator signal and indirectly controls 
means plotted against distance between interrogator 100 35 the amplitude of each responder signal transmitted from, 
responders 102. responder 302 to interrogator 100. The combination 

By providing automatic gain control, the power applied of differential amplifier 186 and source 138 fficreby pre^ 
to amplifier 110 may be controlled so that the output of vidcs a further comparing means responsive to the rccti- 
©ach filter of the responder signal filter means remains fied response voltage for comparing the magnitude of 
nearly constant during the time interrogator 100 and 40 the rectified response voltage with the reference voltage 
responder 102 are in close proximity. Curve h, Fig. 3, and operative to derive the automatic gain control differ- 
depicts the power level of the responder signal filter means ence voltage. 

when' automatic gain control is provided and shows a sub- As is easily seen, the level of the reference voltage from 

stantially fiat portion which corresponds to a selected source 188 determines how soon, during the approach of 
minimum distance. One cause of power level variation, 45 interrogator 100 to responder 102, the automatic gain 
not heretofore mentioned, must be considered and is due control bo^omes operative and bow soon, as the inter- 
U> the different power requiiements of different respond- rogalor 100 end responder 102 move in opj^site direc- 
eirs. One responder may be provided with only a single tions, the automatic gain control becomes inoperative, 
code oscillator whereas another responder may include in other words, the level of the reference voltage deter- 
the maximum number p of code oscillators. It is obvi- 53 mines the length of the time interval during which the 
ous that a response-actuating voltage of a given power interrogator and ♦he responder 102 are cooperating 
It^el cannot cause radiation of p electromagnetic code with one another. Trie term “cooperating” as here used 
ifkSponder signals at the same power level as a ringle designates the time during which the binary stages of 

decUomagneuc code responder signal. Consequently, register 172 may be set. Of cc/urse, curve b, Fig. 3, deter- 

automatic gain ccmtrol rriust take the different power re- mines the level of rcfereeee voltage from source ISO 

qtiiremcnts of different responders into account so that which controls the minimum power level at which read- 
curve 5, Fig. 3, will be the same for all responders. ings might be set into the register 172, 

The advantages attendant with automatic gain control As previously mentioned, the ceding voltage difference 

should now become apparent Receiver 152 can be fully signals from differential amplifiers 174, 176 and 178 set 
utilized without fear of saturation which otherwise might qq register 172 by recording either the presence or^the ab- 
clip or distort me received responder signals. Also, the sence of a particular code responder signal. It is there-- 
magnitude of tfje coding voltages from rectifiers 760, 162 fore necessary that register X72 be “clear” prior to the 

and 164 will remain constant during the time which cor- setting of the binar)^ stages fiheieof. In other words, when 


resx>Dnds to the flat portion of curve Z>, Fig. 3 ana which 
has been referred to as the selected nummum distance be- gr; 
tWeen the responder and the interrogator. In this man- 
ner, the reference voltage from sources 180 may be set 
just a little below the level which corresponds to this flat 
portion, preventing a coding voltage difference signal ex- 
cept during the time when the automatic gain control is 
operative, and hence insuring that the register will not be 
set except under conditions of adequate signal sUeugth. 

Automatic gain control, to compensate for the varia- 
tlots iff Lhc electromagnetic coupling and the variation of 
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interrogator 100 and responder 102 approach one an*- 
other, no record of a previous record^ binary number 
should be present on the s ages of register 172. For tliis 
purpose, an electrical clearing pulse may be applied to 
each of the :.tages of icgisjer 172 via bus 190 just prior 
to the time at which intejTOgator 100 and responder X02 
are cooperating with one another. This clearing piise 
may be derived from the output of a register clea} ing 
means such as a conventional raoncitsble niuItivibrjittH* 
192 which provides a pulse upon being triggered by s<me 
control voltage. One suitable control voltage may be 

Kv tViA !knt«n>s»!ir. oain mntrni 

: CIA-RDP81-00120R000100010006-0 



Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010006-0 

8,010,679 • 

11 : 12 

voltage as shown In Hg. 1. Cf course, signal com- with this invention. A pick-up means such as tunc^ cir- 


mensurate with the rectified response signal is suitable. 
11 the automatic gain control 'difierence voltage is utilized, 
the clearing of codi register 172 may take place when 
the automatic gain control becomes operative, which 
corresponds to the time at which interrogator 100 and 
responder 102 arc coming into the desired proximity for 
identification. 

It has been found that the reliability* of the interrogator 
receiver means may be still further increased by including 
a gating means, such as an analog radio or audio fre- 
quency gate circxiit 194, bet^'een receiver 152 and filters 
154, 155 and 158. Gate 194 may comprise any on. of 
a number of well known netvrorks wliich change its state 
of conduction during the receipt of a pulse of predeter- 
mined polarity and duration. The function of gate 194 
is to restrict conduction from receiver 152 to the individual 
stages of register 172 to the time inv.erval when interro- 
gator 100 and responder 102 are at or beyond a selected 
minimum distance from one another. Gate 194 may be 
controlled by a control voltage appearing on lead 196 
which may be, but need not necessarily be, derived from 
moDostable multivibrator 192. The control voltage for 
gate 194 appearing on lead 196 may be referred to as the 
gate actuating signal and preferably takes the shape of 
a pulse whose duration is about the same as the time 
interval during which the automatic gain control is opera- 
tive and coincides therewith. In this manner a gating 
means is provided which is responsive to a gate actuated 
signal and operative to transmit the composite code re- 
sponder signal during the time corresponding to the se- 
lected minimum distan.ee. Of course, it is necessary that 
filter 182 be coupled directly to receiver, ahead of 
gate 194, so that the automatic gain control is always 
operative. 

tn the interrogator 100 described hereabove, differential 
amplifier 1 86 has been utilized to provide automatic gain 
control and to fire multivibrator 192. It is to be under- 
stood, however, that such dual function arrangement has 
been shown Oiily to retain simplicity of description and 
that separate amplifiers or separate trigger signal sources 
may be employed. Likewise, multivibrator 192 has been 
described as being suitable to simultaneously provide the 
clearing pulse to register 172 and the gate actuating sig- 
nal for gate 194. As will be obvious to those skilled in 
the art, there may be certaiu advantages in utilizing sep- 
arate multivibrators or perhaps other b'nds of. triggers 
to provide the desired control signals. 

Additionally, suitable delay networks may be incor- 
porated in the various control means ot obtain desired 
sequencing between the operation of the automatic gain 
control, the gating of the composite electrical responder 
-signal and the cle*^rrng pulse. For example it may be de- 
^“sirable to fire multivibrator 192 ahead of full automttic 
gain control operation to clear the register prior to re- 
ceiving the gate controlled responder signals, in this 
connection; the gate actuating signal may also be some- 
what delayed with respect to the clearing pulse. 

The description of Fig. 1 hereinabove has been ex- 
planatory of one ernbodiment of the signalling system ih 
accordance with this invention, whereby a binary code is 
set into a code register 172 when interrogator 100 and 
• responder 102 are at a selected mininum distance from 
each oilier. When interrogator 100 is mounted upon a 
railroad vehicle and responder 102 is tlxed upon the tracks 
of the railroad network, the usefulness and versatility 
of the apparatus of this invention can be extended by pro- 
\iding a data link' to transmit the buuiry code cf register 
172 to some centrally located agency so that the agency 
may be apprised at all times of the location of the rail- 
road vehicle. Any number^ of well known data link sys- 
tems rr ay be employed for this purpose as is wxU known 
to those skilled in the art 

Rcfeiirng now to Fig. 2a, there is shown one Dlustrative 
tmbodlj lent of a responder constructed in accordance 
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cult 200 comprises an inductor 1^1 and a capacitor C-i 
and proWdes the receiving element for iiie electromag- 
netic inlcrrogator signal. The impedance values of in- 
6 ductor L-1 and capacitor C-1 are selected that tuned 
circuit 2CU is resonant at the frequency pf the interrogator 
signal. Tuned circuit 200 may be selected as a suitable 
embodiment of pick-v.p coil 120, Fig. 1, cither with or 
without an additional antenna element, depending up^n 
10 the specific application of the invention, as is well known 
to those skilled in the art In this manner, tuned circuit 
200 or a combination of the tuned circuit and an antenna 
element will provide a pick-up means responsive to elec- 
tromagnetic radiation in the form of a radio frequency 
15 inlerrogafor signal. 

A rectifying means such as the combination of diode 
X-1 and smoothing filter capacitor C-2 may be coupled 
to tuned circuit 200 to derive the resi>onse-actUating volt- 
age from the received interrogator signal. It is, of course, 

20 obvious that capacitor 0-2 may be replaced by any of 
many w^eH-knowm smoothing filters which in conjunction 
with diede X-1 provides a smooth direct output voltage. 

The combination of diode X-1 and capacitor C-2 pro- 
vides the rectifier means shown as block 122 in Fig, 1. 

25 The voltage appearing between leads 202 and 204 is the 
response-actuating voltage. 

Even though the responder constructed according to a 
preferred embodiment of this invention utilizes a rectifier 
to derive a direct current response-actuating voltage, it is 
20 pos5;ible to provide a responder which utilizes an alternat- 
ing current response-actuating voltage to power the re- 
sponder oscillator. 

The remainder of the responder of Fig. 2a comprises a 
plurality of resp'.,i.oer signal oscillators of w^hich three 
35 are shown and respectively designated by reference 
characters 210, 212 and 214. The rei’ponder signal oscil- 
lators are coupled in parallel across leads 202 and 204, 
which provide the sole power to the oscillators. Oscil- 
lalor 2.10 comprises a tank circuit including inductor L-2 
40 and capacitor C-3 whose impedances are selected to p’.o- 
vide resonance at the frequency /age* Oscillator 210 
therefore is the au:omacic gain control responder signal 
oscillator which piovides the automatic gain control re- 
sponder signalv If a plurality of responders arc 
45 utilized in a signalling s^-^tem, each responder pref- 
erably includes an oscillator identical to oscillator 210 
to derive identical signals for automatic gain corttrol 
purposes. 

Oscillator 210, in addition to the tank circuit desig- 
50 nated by the resonance frequency also includes a 
InTN cr FNP transistor X-2 whose collector electrode is 
coupled to one terminal of tank circuit /^yc* The other 
ler linal of tank circuit /^gc is coupled to one terminal 
of inducror L-3 and to lead 202. A parallel combina- 
55 tion of resistor R-1 and capacitor G--4 is coupled be- 
tween the other terminal of inductor L-3 jmcl tix base 
electrode of transistor X-1. Finally the emitter electrode ^ 
is connected to lead 204. The circuit hereabovc de- 
scribed is a transistorized versicn of the Hartley-type 
50 oscillator ard is merely explanatory. Numerous different 
oscillators may be substituted therefor, as for example, 
those shown in chamber 14 of ‘‘Handbook of Semicon- 
ductor EFectronics,” Hunter, 1st edition, 1956, McGraw- 
Hill, New York. 

05 Code oscillators 212 and 214 may be similar in con- 
struction' to oscillator 210 described hereabovc, except 
that each has a different rc'onance frequency as indi- 
cated by the / symbol in its tank circuit. Both oscil- 
lators 212 and 214 are code responder signal oscillators 
and proWde code responder signals. Tlie maximum num- 
ber of cade resp.’nder signal oscillators is designated as p 
as described in connection with the responder signal filter 
means. The responder illustrated in Fig. 2a provides 
code responder signals having frequencies /j and fq.. Fig. 

75 2b iUustratc:s the binary code which this responder would 
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set into register 172, Fig. 1, if within ths K4ectc4 mini- 
mum distance of the interrogator. Responder signals /s 
and // therefore provide tr ? selected plurality of code 
responder signals for tlie responder of Fig. 2a. 

A tuned circuit comprishtg inductor C-^3 and capacitor 5 
Lr-2 may be utilized as the associated responder transmit 
coil, so that no auxiliary transmit coil i* rtqxiired. Of 
course, an anlenna may be coupled to the tank circuit of 
the individual responder oscillator to provMe the actual 
radiation elemenl, if so desired. As only a single re- 10 
spender signal is radiated by each of the tink circuits, 
each of said circuits may be tuned sharply to provide a 
high gain and a resulting saving of power. Aditiop.ally, 
a higli gain circuit will prevent intercoitpling of tlie vari- 
olas tank circuits of the responder signal oscillator means 15 
if the frequency separation between the responder signals 
is kept small. That a smaii frequency separation is de- 
sirable is self evident because broadly tuned interrogator 
p;.ck-up coil .150; Fig. 1, is the receiving element for all 
responder signals. The frequency band which may be 20 
Utilized for the responder signals is therefore determined, 
at least to some extent, by the interrogator pick-up coil. 

The nanower tlie frequency band, the greater will be the 
power efficiency. Also, the greater the number of differ- 
ent responder signals that may be utiliccd, the greater 25 
the number of responders which may be uniquely identi- 
fied. Consequently, if a large number of responders are 
to be employed in a system and the power efficiency is 
to be kept high, the frequency separation between adja- 
cent responder signals mun be kept at a minimum which 30 
is only possible by utilizing sharply tuned tank circuits. 

The choice of frequencies for the various clecU*omag- 
netic signals to be utilized with the signalling system .of 
this invention is almost limitless. Some factors which 
determine a particulai selection of frequencies are that 35 
as little intercoupling ss possible between the various 
signal is dc-sired. For instance, if the interrogator signal 
has been selected at the frequency of 120 kilocycles per 
second, it is good practice to utilize a center frequency 
for all the responder signals which is different er 40 Ugh 40 
not to couple to pick-up coil 120. For example, a re- 
sponder signal center frequency of 70 kilocycles per sec- 
ond would provide the desired isolation. Additionally 
the varioiTS responder fiequencies should not be har- 
monically related to one another and further have a fre- 
quenty separation sufficient to prevent undesirable inter- 
coupling between the various responder transmit coils. 

If 1C code responder signals and one automatic gain 
control responder signal are desired the fcUow'ing is a 
typical selection of responder signals: the automatic gain 
control responder signal may be selected .as 70 kilocycles ^ 
per second and the various code responder signals as 
68.9, 67.8, 66.7, 65.6, 64.5, 71.1, 72.2, 73.3, 74.4, 75.5 
in. kilocycles per second. To provide a composite re- 
sponder signal comprising a selected comber of the code 
responder signals of identical amplitude,' it has been 
found convenient to adjust the components of the indi- 
vidual responder oscillator to compensate for the slightly 
different power receive pattern of broadly tuned inter- 
rogator pick-up coil 150. Of course, an adjustable attem 
utjtor may be phiced in series with each of the responder 
oscillators if >o desired. 

A number of well known circuits are available in the 
prior art to provide the elements shown in block form 
in the drawings. For example, the Jones application, 
Serial Number 715,899, discloses exemplary circuits for 
register 172, multivibrator 192 and variable gain device 
106 which may be used. 

There has been described a signalling system wherein 
an interrogator in relative motion with a plurality of 
responders identifies each responder by a binarj' code. 

The identification is accomplished by interrogatiug each 
response block, at a time wheu within a selected ininimum 
distance from the interrogator, by means of an electro- 
magnetic interrogator signal having a single frequency, 


Upon receiving (be interrogator signal and in response 
thereto, the responder provides a selected plurality of re- 
sponder signals chaTacteristic of a particular responder. 
The interrogator picks up' the selected plurality of re- 
sponse Signals and decodes the same to derive a binary 
code which provides information of the selected plurality 
of responder signals rec ?ived.- The selected responder 
signals uniquely identify the particular responder and by 
knowing either the location of the interrogator or the 
responder, 'the location of the other is obtained. 

What is cbimed is; 

1. A passive responder comprising: pick-up means for 
receiving a radio frequency interrogator signal; rectifying 
means responsive, to said received interrogator signal and 
operative to develop a response-acting voltage; and oscilla- 
tor means responsive to said response-actuating voltage 
and operative to develop and radiate a selected plurality of 
responder signals of different frequencies simultaneously, 

2. A passive responder comprising: a parallel induct- 
ance-capacitance tuned circuit for receiving a radio fre- 
quency interrogator signal, said circuit being resonant 
at the frequency of said interrogator signal; rectifying, 
means coupled across said tuned circuit and operative to 
develop a response -actuating voltage whenever said tuned 
circuit receives said interrogator signal; and osrMlator 
means responsive to said response-actuating voltage and 
operative to develop and radiate a selected plurality of 
responder signals of different frequencies simuIttmcousJy. 

3. A passive* responder comprising: pick-up means re- 
sponsive to clectromagriet’c radiation in the form of a 
radio frequency interrogator signal; rectifying means 
coupled to said pick-up means to d£\‘elop a response- 
actuating voltage commensurate with said interrogator 
signal; and a plurality of oscillators responsive to and 
solely powered by said response-actuating voltage, each 
of said oscillators being operative to radiate sirnullane- 
ously an electromagnetic resiionder signal having a dif- 
ferent selected frequency. 

4. A passive responder comprising: receiver means re- 
sponse to electromagnetic radiation in the form of a radio 
fieqUency interrogator signal, and operative to develop 
a direct current voltage; and a selected plurality of radio 
frequency oscillators coupled to said receiver means and 
powered solely by said direct current voltage, each of said 
oscillators operative to develop and radiate an electro- 
magnetic resj;>onder signal having a different selected fre- 
quency. 

5. A p^sive responder for receiving electromagnetic 
radiation in the form of an interrogator signal and for 
radiating in response thereto electromagnetic radiation in 
the form of a selected plurality of responder signals, said 
responder comprising: a parallel-resonant inductance- 
capacitance tuned circuit having a resonance frequency 
corresponding to said iriLerrogator signal; a rectifying 
means coupled to said tuned circuit and operative to 
derive a response-actuating voltage from said tuned circuit, 
when sa;d tuned circuit is excited to resonance; and a 
plurality of oscillators means, each one of said oscilla- 
tors means being responsive to said response-actuating 
voltage and operative to develop one of said selected plu- 
rality of responder signals, each of said oscillator means 
including a further parallel-resonant inductance-capaci- 
tance tuned circuit having a resonance frequency corre- 
fiprmding to the associated responder signal and being 
operative, to mdiate said associated responder signal. 

6. A signalling system for identitydng a plurality of 
passive responders by means of an interrogator capable 
of relative motion with respect thereto, each one of said 
plurality of responders being identified when said inter- 
rogator is approximately a selected minimum distance 
^herefrom,. said signalling system comprising: a plurality 
of responders, each responder being responsive to the 
same electromagnetic interrogator signrd and each re- 
sponder being operative to provide in response thereto 
a different selected plurality of electromagnetic responder 
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signals; and an interrogator for developing and radiating 
said elcctromagnelic interrogator signal and operative to 
receive each of said different selected pluralities of elec- 
tromagnetic responder signals, said interrogator being fur- 
ther operative to develcjp an output quanitity for each one 5 
of the responder signals included within the selected plu- 
rality of responder signals from a particular responder 
when said interrogator is within said selected mimraum 
distance from said particular responder. 

7. A signalling system for identifying at least one pas- 10 
five responder by means of an interrogator capable 

of relative motion v/ilh respect thereto, said signalling sj^s- 
lem comprising: an interrogator including a transmitter 
means for developing and radiating electromagnetic radia- 
tion in the form of an interrogator signal, and further in- 16 
eluding a receiver means responsive to electromagnetic 
radiation in the form of a selected plv-rality of resix>nder 
signals and operative to develop an output quantity for 
each one of said selected plurality of responder signals; 
and at least one responder including a pick-up means re- 20 
sponsive to said electromagnetic radiation from said trans- 
mitter means and operative to develop a response-actuat- 
ing voltage commensurate therewith, and further includ- 
ing an oscillator means responsive to said response-actuat- 
ing voltage and operative to develop and radiate said elec- 25 
tromagnelic radiation in the form of said selected plural- 
ity of responder signals, said responder being powered 
solely by the electromagnetic radiation from said trans- 
mitter means. 

8. A signalling system according to claim 7 W'berein 50 
said interrogator transmitter means comprises: an inter- 
rogator signal source means for developing said interroga- 
tor signal, amplifier means coupled to said interrogator 
means for suitably amplifying said interrogator signal, 
and an interrogator transmit coil responsive to raid am- 55 
plrffed interrogator sigual and operative to radiate said 
interrogator signal as electromagnetic radiation, 

9. A signalling system according to claim 8 wherein 
said interrogator transmit coil comprises a tuned circuit 
resonant at the frequency of said interrogator signal. 

10. A signalling system according to claim 7 wherein 
said in'icrrogator receiver means comprises: an interroga- 
tor pick-up means for developing a composite responder 
signal from said received electromagnetic radition, am- 
plifying means "responsive to said composite responder 45 
signal and operative to provide an amplified composite 
responder signal, responder signal filter means responsive 

to said amplified composite responder signal aud operative 
to derive a separate coding signal for each of said^ se- 
lected plurality of responder signals, and code register 50 
means responsive to each one of said coding signals- and 
operative to derive said output quantity for each c-nc 
of raid selected plurality of responder signals. 

11. A signalling system according to claim 1C W'herein 
said code register means includes a register having a 55 
plurality' of binary stages, each binary stage being as- 
sociated wdth a different responder signal, said^ stage 
being responsive to the rectified components of said cod- 
ing signals. 

12. A signalling system according to claim 10 v/berein 60 
said interrogator pick-up means comprises a broadly tuned 
dreuit su^tantially at resonance at each one of the fre- 
quencies of said responder signals. 

13. An ihlerrogator-responder system comprising: in- 
terrogator transmitter means for transmitting elecliomag- Go 
nctic radiation in the form of a single frequency interro- 
gator signal; a passive responder responsive to -said in- 
terrogator signal and operable to provide elexjtraraagnetic 
radiation in the form of a selected plurality cf responder 
signals differing from one another in frequerir:y, said in- 70 
terrogator transmitter means and said responder being 
capable of relative motion with respect Xo one another; 
interrogator receiver means associated with said in'erro- 
gator transmitter means and responsive to salt! selected 
plurality of responder signals and operative to develop a 75 
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composite responder signal; responder signal filter means 
responsive to said composite electrical responder signal 
and operative to. derive a separate coding signal for each 
one of said selected plurality of responder signals; de- 
tector means responsive to each of said coding signals and 
operative lo develop coding voltages; and register means 
having a different binary' stage associated with each re- 
sponder signal for indicating each one of said selerted 
plurality of responder signal.s received by said receiver 
means, each stage being responsive to an associated cod- 
ing voltage. 

14. An interrogator-responder system comprising: in- 

terrogator transmitter means including automatic gain 
control means responsive to an automatic gain control 
difference voltage for transmitting amplitude controlled 
electroningnctic radiation in the form of a single fre- 
quency interrogator sigcal; a passive responder responsive 
to said interrogator signal and operable to provide in 
response thereto electromagnetic radiation in the form 4 

of a selected plurality of responder signals differing from ; 

one another in frequency, said interrogator transmitter 
means and said responder being capable of relative mo- 
tion with respect to one another so as to vary the electro- ^ 

magnetic coupling Iherebetween; interrogator ^ receiver 
means associated with said interrogator transmit means 

and responsive to said selected plurality of responder ; 

signals and operative to develop a composite responder 
signal and a rectified response voltage corresponding to , 

a predetermined one of said selected plurality of re- 
sponder signals; comparing means responsive to ^ said 
rectified response voltage for comparing the magnitude 
of said rectified responsive voltage with a reference volt- 
age and operative to derive said automatic gain control 
difference voltage; responder signal filter means respons- 
ive to said composite responder signal and oper«’Jve to ■ 

derive a separate coding signal for each one of said j. 

selected plurality of responder signals; detector means ! 

responsive to each of said coding signals and operative to ' 

develop coding voltages; and register means having a 
different binary' stage associated with each responder sig- 
nal for indicating each one of said selected plurality of 
responder signals received by said receiver means, each 
stage being responsive to an associated coding voltage.^ j 

15. An inlerrogator-responder sy'stem comprising: in- j 

terrogator transmitter means including automatic gain | 

control means responsive to an automatic gain control | 

difference voltage for transmitting an^plitudc controlled : 

electromagnetic radiation in the form of a single frequen- ‘ 

cy interrogator signal; a passive responder responsive to 

said interrogator signal and operable to provide in response (/ 

thereto electromagnetic radiation in the form of a selected 
plurality of responder signals differing from one another , 

in frequency, said interrogator transmitter means and t 

said lesponder being capable of relative motion with re- ; 

spect to one another; interrogator receiver means asso- 
ciated with said interrogator transmitter means and re- 
sponsive to said selected plurality of responder signals 
and operative to develop a composite responder signal 
and a rectified response voltage corresponding lo a pre- 
determined one of said selected plurality of responder sig- 
nals; first comparing means responsive to said rectified 
response voltage for comparing the magnitude cf said 
rectified responsive voltage with a first reference voltap 
and operative to derive said automatic gain control dif- 
ference vollage; responder signal filter means responsive 
to said composite responder signal and operative to de- 
rive a separate coding signal for each responder signal 
included within said composite responder signal, de- 
tector means responsive to each of said coding signals 
and operative to develop coding voltages; second compar- 
ing means responsive to each of said coding voltages for 
comparirig the magnitude of each of said coding voltages 
with a second reference voltage and operative to derive 
coding voltage difference signals; and register means hav- , 

ing a different binary stage associated with each responder | 
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for indicatiog said selected plurality of responder 
signals received by said receiver means, each stage being 
responsive to an assorted ceding vol;ege diSeycncc- 
signaL 

16 . An interrogator responder system comprising: 
interrogator transmhter means including automatic gain 
control means responsive to an automauc gain contiol 
diflerence voltage for transmitting amplitude controlled 
electromagnetic radiation in the form of a single fre- 
quency interrogator signal; a passive responder respon- 
sive to said interrogator signal and operable to provide 
electromagnetic radiation in the form of a selected plu- 
rality of responder signals diiTering from one another 
in frequency, said interrogator transmitter means and 


IS. A signalling s>^stcm for identifying at least on© 
passive responder by means of an interrogator in relative 
motion with respect thereto, each of said responder 
■ being identified when said interrogator is' approximately at 
5 a selected minimum distance therefrorn, said signalling 
system comprising: interrogator transmitter means includ- 
ing automatic gain control means responsive to an euto- 
matic gain control difference voltage for genexauug 
and transmitting an ampihuds controlled electromagnetic 
j0 interrogator signal of a single frequency; at least one 
responder pick-up means electromagnelically coupled to 
said iruerrog;-tor transmitter means and responsive to 
said interrogator signal, said electromagnetic coupling iii- 
creasing as the distance between said interrogator and 


said responder being capable of relative motion , with 15 said responder decreases; responder rectifying meaos 

coupled to said responder pick-up means and operative 
to develop a response-actuating voltage corresponding 
to said electromagnetic interrogator signal; responder 
oscillaU)r means responsive to said response-actuating voU- 


respect to one another; interrogator receiver means asso- 
ciated with said interrogator transmitter means and 
responsive to said selected plurality of responder signals 
and operative to develop -a composite responder signal 


age and operative to derive coding 
voltage difference signals; register means having a dif- 
ferent binary stage associated with each responder signal 
for indicating said selected plurality of responder signals 


and a rectified response voltage corresponding to a pre- 20 and operative to generate and radiate simiiltaneotisly 
determined one of said selected plurality of responder & plurality of electromagnetic responder signals diflenug 
sigiials; first comparing means responsive to said rectified another in frequency, said plurality of responder 

response voltage for comparing ihc magnitude of said signals comprising an automatic gain control res^nder 
rectifi^ response voltage wdth a first reference voltage sigt^^l ^tid a selected^ plurality^of code responder signals, 
and operative to derive said automatic gain control dif- 25 each responder having a different responds oscillat^ 
ference voltage and a gate actuating signal when said means to provide a diffepnt selected plurality of code 
responder and said interrogator transmitter means are at responder signals^ which identify a responder uniquely; 
a selected minimum distance from one another; gating interrogator receiver means associatea with said mter- 
means coupled to said receiver means and responsive to rogator transmitter means and responsive to said elecUo- 
said gate actuating signal and operative to. transmit said 30 magnetic ^ responder signals, said interrogator receiver 
composite electrical responder signal during the time cor- means being operative to develop an autoniatic gam con- 
responding to said selected minimum distance; responder Itol voltage corresponding to the received power level 
signal filter means responsive to said gated composite of said automatic gain control responder signal and a 
responder signal and operative to derive separate coding distinct output quantity for each of said code responder 
signals for each one of said responder signals included 35 signals in said selected plurality of electrcmagnetic rc- 
within said composite responder signal; detector means spender signals; and comparing means responsive to said 
responsive to each of said coding signals and operative automatic gain control voltage for comparing the ma^-. 
to develop coding voltages; second comparing means re- tude of said automatic gain control voltage with a refer- 
sponsive to each of said coding voltages for comparing voltage and operative to derive said automatic gam 

the magnitude of each of said coding voltages with a 40 control different voltage. _ ^ 

second reference voltage and operative to derive coding 1^- ^ signalling system xor identifying a plurality of 

passive responders by means of an interrogator capable 
of relative motion with respect thereto, each of said re- 

__ ^ spenders being identihed when said interrogator is ap- 

received by said receiver means, each stage being re- 45 proximately at a selected niinimum distance therefrom, 
sponsive to an associated coding voltage difference signal signalling system comprising: interrogator transmitter 

and a reset control signal; and register clearing means means includ tog automatic gain control means responsive 
responsive to a voltage derived from said rectified response lo sn automatic gain control difTerence voltage for gen- 
vcltjgc and operative to provide said reset control signal. crating and transmitting an amplitude conuolled elcctro- 
P. A signalling system for identifying at least one 60 magnetic interrogator ^signal of a single frequency; a 
passive responder with respect thereto, said signalling plurality of responder pick-up means, each responder pick- 
system comprising: interrogator transmitter means for up means being capable 'of electromagnetic ally coupled to 
generating and radiating an electromagnetic interrogator said interrogator transmitter means and responsive to said 
signal of a single frequency; at least one responder pick-up interrogatr* ..ignal, said electromagnetic coupling increas- 
means electromagnerically coupled to said interrogator 55 itiS ^ the distance between said interrogator and said re- 
transmitter means and responsive to said electromagnetic sponder decreases; a responder rectifying means coupled 
interrogator signal, said electromagnetic coupling increas- to each of said responder pick-up means, said responder 
ing as the distance between interrogator and said re- rectif*/ing mea.QS being operative to develop a respons^ 
sponder decreases; responder’ rectifying means coupled actuating voltage corresponding to said elcctromagDetic 
to said responder pick-up rneans and operative to de- 60 interrogator signal; responder oscillator means responsive 
velop a response-actuating voltage corresponding to said to said response-actuating voltage and op-'-rative to gen- 
electromagnetic interrogator signal; responder oscillator erate and radiate fimultancously a plurality of electro- 
means responsive to said response-actuating voltage and magnetic responder Signals differing from another in fre- 
operative to generate and radiate simultaneously ‘ a se- quency, said plurality of responder signals comprising an 
lected plurality of electromagnetic responder signals C5 automatic gain control responder signal and a selected 
differing from one another in frequency, each responder ' pluiality of code responder signals, each responder having 
having a different responder oscillator means to provide a a different responder oscillntor means to provide a differ- 
different selected plurality of electromagneuc responder ent selected plurality of cod v responder signals which 
signals for identifying a responder uniquely; and inter- identify a responder uniquely; interrogator receiver means 
rogator receiver means associated with said interrogator 70 associated with said interrogator tran.smitlcr means and 


transmitter means and responsive to said electromagnetic 
responder signals, said interrogator receiver means being 
operative to develop a distinct output quantity for each 
responder signal irt said selected plurality of clectro- 
jBnagnetic responder signals. 


responsive to said electromagnetic responder i,ignals,. said 
interrogator receiver means being operative to develop 
an automatic gain coatrol voltage corrcspond.hg to the 
received power level of said automatic gain control ro- 
76 sponder signal and a distinct output quantity for each of 
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said code responder signJs in said selected plurality of tion with respect to one another; interrogator rocciwr 
<^)ectromapnetic responder signals, said receiver m^jans ihcans inc]iK3>rfg beat freaucncy means associated with 
-also including gating means rcsiX>nsive to a gate actuating said inten-ogalor transmitter means :iJid responsive to s^d 
signal for preventing the developing of said output quan- selected plurality of resi>oadcr signals and operaUve to de- 
tities unless said interrogator is within said selected min- C velop a rcducxjd frequency compofitc re']Wi>der signal 
imnm distance from a responder; first’ comparing means . and a rectified response voltage corr^ponding to a p^r 
re^jponsive to said automatic gain control voltage for com- determined one of said selected plurality of responder sig- 
paring the magnitude of said automatic gain control volt- nals; first comparing means responsive to said recrified rc- 
age with a first reference voltage and operative to derive sponse voltage for comparing the magnitude of said rec- 
said automatic gain control difference voltage; second 10 lified responsive voltage with a first reference voltage 
■ comparing means responsive to said automatic gain con- operative to derive said automatic gain control diflerch^ 
trol voltage for comparing the magnitude of said auto- voltage; responder signal filter means responsive to said 
matie gain control voltage with a second reference voltage riduced fr^uency composite resj;^der signal and opera- 
and operative to derive said gate actuating signal, the level tive to derive a sepamte c^ing signU for each responder 
of said second reference voltage being selected to actuate 15 signal included within said composite responder signal; 
said gate during said selected minimum distance. detector responsive to each of said coding signals 

- 20. An interrogator- responder system comprising: in- and operative to develop coding volUges; second corapar- 
terrogaior transmitter means including automatic gain ing means responsive to each of said c^ing voltages for 
control means responsive to an automatic gain control comparing tlie magnitude of each of said codLng voltages 
difference voltage for tiansmitting amplitude controlled 20 with a second reference voltage and operative to derive 
dectroraagnetic radiation in the form of a single fre- coding voltage difference signals; and register means hav- 
qucncy icterrogalor signal; a passive responder respon- ing a different binary stag*, associated with each responder 
give to srdd interrogator rigna’ and operable to provide signal for inaicHting said selected plurality of responder 
in response thereto electroraagneiic radiation in the form signals received by said receiver means, each stage being 
of a selected plurality of responder signals differing from 25 responsive to an associated coding voltage difference 
one another in frequency, said interrogator transmitter signaL 

means and said responder being capable of relative mo- No rcfc^nces cited, ‘ * 
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